1 



40884/CAG/B600 



10 




WHAT IS CLAIMED IS: 

1 . A mixer, comprising: 
a track and hold circuit to track and hold a first signal in responsfe to a second signal; 

a bandpass circuit in cooperation with the track and hold circuit. 

2. The mixer of claim 1 further comprising an input cirqait to buffer the first signal 
before being applied to the track and hold circuit. 



and 
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3. The mixer of claim 1 wherein the track and hold Circuit comprises first and second 
output signals, the mixer further comprising a buffer to combiner the first and second output signals. 

4. The mixer of claim 1 wherein the bandpass circuit comprises an inductor and 
capacitor each being coupled to the track and hold ckcuit/the inductor and capacitor cooperating to 
provide a time constant related to a frequency of the fir^x signal. 

5. The mixer of claim 1 wherein the trafck and hold circuit comprises a switch in a path 
of the first signal, the switch being controlled by the second signal. 
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6. The mixer of claim 5 wherein jlie switch comprises a transistor having a gate coupled 
to the second signal. 

7. The mixer of claim 6 wherein the transistor further comprises a source coupled to the 
first signal. 



8. The mixer of claim of 7 wherein the transistor further comprises a drain, and the 
bandpass circuit comprises a capaci/or coupled to the drain. 

9. The mixer of claifn 8 wherein the bandpass circuit further comprises an inductor 
coupled to the source of the transistor. 
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1 0. The mixer of claim of claim 9 wherein the capacitor and inductor c9operate to provide 
a time constant related to a frequency of the first signal. 

1 1 . The mixer of claim of claim 7 wherein the bandpass cirgait further comprises an 
inductor coupled to the source of the transistor. 
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12. The mixer of claim of 1 1 wherein the transistor 
bandpass circuit comprises a capacitor coupled to the drain. 



Ler comprises a drain, and the 



13. The mixer of claim of claim 12 wherein the/capacitor and inductor cooperate to 
provide a time constant related to a frequency of the first signal. 
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14. The mixer of claim of 1 wherein the traoK and hold circuit and the bandpass circuit 
each comprises a differential circuit, the first and secoria signals each being differential signals. 



3 i % 



20 



r 



25 



15. The mixer of claim 14 wherein thp track and hold circuit further comprises a first 
switch in a first path of a first one of the first differential signals and a second switch in a second path 
of the first one of the first differential signals, tne first switch being controlled by a first one of the 
second differential signals and the second s\yitch being controlled by a second one of the second 
differential signals. 

16. The mixer of claim 15 Wnerein the track and hold circuit further comprises a third 
switch in a first path of a second one of tiie first differential signals and a fourth switch in a fourth path 
of the second one of the first differential signals, the third switch being controlled by the first one of 
the second differential signals and ttje fourth switch being controlled by a second one of the second 
differential signals. 
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17. The mixer of claim 16 wherein the first switch comprises a transistor having a gate 
coupled to the first one of the second differential signals, the second switch comprises a second 
transistor having a gate coupledr to the second one of the second differential signals, the third switch 
comprises a third transistor haying a gate coupled to the first one of the second differential signals, and 
the fourth switch comprises q fourth transistor having a gate coupled to the second one of the second 
differential signals. 
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18. The mixer of claim 17 wherein the transistors each further comprises a source, the 
sources of the first and second transistors each being coupled to the first one off the first differential 
signals and the sources of the third and fourth transistors each being coupled to the second one of the 
first differential signals. / 

1 9. The mixer of claim of 1 8 wherein the bandpass circutfcomprises first, second, third 
and fourth capacitors, wherein the transistors each further comprises a drain, the drain of the first 
transistor being coupled to the first capacitor, the drain of the second transistor being coupled to the 
second capacitor, the drain of the third transistor being couplecj to the third capacitor, and the drain 
of the fourth transistor being coupled to the fourth capacitor/ 

20. The mixer of claim of claim 19 whereimflie bandpass circuit further comprises first 
and second inductors, the first inductor being coupled tp the sources of the first and second transistors 
and the second inductor being coupled to the source/ of the third and fourth transistors. 

2 1 . The mixer of claim of claim 20 further comprising an input circuit including fifth and 
sixth transistors each having a drain, the drain>of the fifth transistor being coupled to the sources of 
the first and second transistors and the drain of the sixth transistor being coupled to the sources of the 
third and fourth transistors. / 

22. The mixer of claim of V8 wherein the first, second, third and fourth transistors each 
further comprises a drain, the mixer further comprising a buffer to convert voltages at the drains of 
the first and fourth transistors to amrst current and voltages at the drains of the second and third 
transistors to a second current. / 

23 . The mixer of claim 1 wherein the track and hold circuit comprises a transistor having 
an input adapted to be coupled to the first signal and an output to generate an output signal in response 
to the first signal, and a switch in a path of the output signal, the switch being controlled by the second 
signal. / 

24. The mixenof claim 23 wherein the switch comprises a second transistor having a gate 
coupled to the second simal. 
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25 . The mixer of claim 24wherein the second transistor further comprises ^arain coupled 
to the output of the transistor. 

26. The mixer of claim of 25 wherein the bandpass circuit compris^ a capacitor coupled 
to the output of the transistor. 

27. The mixer of claim of 26 wherein the second transistor ftutfier comprises a source, and 
the bandpass circuit further comprises an inductor coupled to the source of the second transistor. 

28. The mixer of claim of claim 27 wherein the capacitor and inductor cooperate to 
provide a time constant related to a frequency of the first signal. 
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29. The mixer of claim of 25 wherein the second t/ansistor further comprises a source, and 
the bandpass circuit further comprises an inductor couple/ to the source of the second transistor. 
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30. The mixer of claim of 29 wherein the bandpass circuit comprises a capacitor coupled 
to the output of the transistor. 

3 1 . The mixer of claim of claim SO wherein the capacitor and inductor cooperate to 
provide a time constant related to a frequencyof the first signal. 

32. The mixer of claim of 1 ^herein the track and hold circuit and the bandpass circuit 
each comprises a differential circuit, thor first and second signals each being differential signals. 

33. The mixer of claim 32 wherein the track and hold circuit comprises a first transistor 
having a first input adapted to be coupled to a first one of the first differential signals and a first output 
to generate a first output signal id response to the first one of the first differential signals, a second 
transistor having a second inpuyadapted to be coupled to the first one of the first differential signals 
and a second output to generate a second output signal in response to the first one of the first 
differential signals, a third transistor having a third input adapted to be coupled to a second one of the 
first differential signals and/4 third output to generate a third output signal in response to the second 
one of the first differential/signals, and a fourth transistor having a fourth input adapted to be coupled 
to the second one of the first differential signals and a fourth output to generate a fourth output signal 
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in response to the second one of the first differential signals, wherein the track android circuit further 
comprises a first switch in a path of the first output signal, a second switch iiya path of the second 
output signal, a third switch in a path of the third output signal, and a fourth Switch in a path of the 
fourth output signal, the first switch being controlled by a first one of the secfond differential signals, 
the second switch being controlled by a second one of the second differential signals, the third switch 
being controlled by the first one of the second differential signals, aj/fd the fourth switch being 
controlled by the second one of the second differential signals. 

34. The mixer of claim 33 wherein the first switch comprises a fifth transistor having a 
gate coupled to the first one of the second differential signals, thfe second switch comprises a sixth 
transistor having a gate coupled to the second one of the second^ differential signals, the third switch 
comprises a seventh transistor having a gate coupled to the fir^t one of the second differential signals, 
and the fourth switch comprises an eighth transistor having a gate coupled to the second one of the 
second differential signals. 
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35. The mixer of claim 34 wherein thfe bandpass circuit further comprising a first 
capacitor coupled to the first output of the first transistor, a second capacitor coupled to the second 
output of the second transistor, a third capacitor campled to the third output of the third transistor, and 
a fourth capacitor coupled to the fourth output pi the fourth transistor. 
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36. The mixer of claim of 35 wherein the fifth, sixth, seventh, and eighth transistors each 
comprises a drain and source, the drain o^the fifth transistor being coupled to the first capacitor, the 
drain of the sixth capacitor being coupled to the second capacitor, the drain of the seventh transistor 
being coupled to the third capacitor, anfi the drain of the eighth transistor being coupled to the fourth 
transistor, the bandpass circuit further comprising a first inductor coupled to the drain of the fifth 
transistor, a second inductor couplecyto the drain of the sixth transistor, a third inductor coupled to the 
drain of the seventh transistor, andya fourth inductor coupled to the drain of the eighth transistor. 

37. The mixer of claim of claim 36 wherein each of the first, second, third and fourth 
transistors comprises a source, trie source of the first and third transistors being coupled together and 
the sources of the second and fturth transistors being coupled together, the mixer further comprising 
a fifth switch coupled to the/feommon sources of the first and third transistors, and a sixth switch 
coupled to the common soiufces of the second and fourth transistors, the fifth switch being controlled 
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by the first one of the second differential signals and the sixth switch being controlled by £Ke second 
one of the second differential signals. 

5 

38. The mixer of claim of 37 further comprising a buffer to convert volrages at the first 
and fourth outputs to a first current and voltages at the second and third outputs t<ya second current. 



10 



39. 



output; and 



A mixer, comprising: 
a track and hold circuit having a signal input, a control Wut, and a mixed signal 

a bandpass circuit coupled to the signal input and the mixed signal output. 
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40. The mixer of claim 39 further comprising an input circuit coupled to the signal input. 

41. The mixer of claim 39 wherein the mixed signal output comprises first and second 
output signals, the mixer further comprising a buffer to combine the first and second output signals. 

42. The mixer of claim 39 wherein the bandpass circuit comprises an inductor coupled 
to the signal input and a capacitor coupled to the mixed signal output. 

43 . The mixer of claim 39 wherein the^rack and hold circuit comprises a switch between 
the signal input and the mixed signal output, the/switch being controlled by the control input. 

44. The mixer of claim 43 wherejn the switch comprises a transistor having a gate coupled 
to the control input. 
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45. The mixer of claim 44 ^herein the transistor further comprises a source coupled to 
the signal input. 

46. The mixer of clain/of 45 wherein the transistor further comprises a drain, and the 
bandpass circuit comprises a capacitor coupled to the drain. 



47. The mixer of ^laim 46 wherein the bandpass circuit further comprises an inductor 
^ ^ coupled to the signal input. 
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48. The mixer of claim of claim 47 wherein the capacitor and inductor cooperate to 
provide a time constant related to a signal frequency applied to the signal input. / 



49. The mixer of claim of claim 45 wherein the bandpass circuit further comprises an 
inductor coupled to the signal input. / 

50. The mixer of claim of 49 wherein the transistor further comprises a drain, and the 
bandpass circuit comprises a capacitor coupled to the drain. / 

51. The mixer of claim of claim 50 wherein the capacitor and inductor cooperate to 
provide a time constant related to a signal frequency applied to/die signal input. 

52. The mixer of claim 39 wherein the track android circuit comprises a transistor having 
an input coupled to the signal input and an output coupled to the mixed signal output, and a current 
source coupled to the mixed signal output, the current source being controlled by the control input. 



53 . The mixer of claim 52 wherein thefcurrent source comprises a second transistor having 
a gate coupled to the control input. / 



54. The mixer of claim 53 wherein the second transistor further comprises a drain coupled 
to the mixed signal output. / 



5 5 . The mixer of clairryof 54 wherein the bandpass circuit comprises a capacitor coupled 
to the mixed signal output. / 

56. The mixer of daim of 5 5 wherein the second transistor further comprises a source, and 
the bandpass circuit further comprises an inductor coupled to the drain of the second transistor. 



57. The mixer of claim of claim 56 wherein the capacitor and inductor cooperate to 
provide a time constant related to a signal frequency applied to the signal input. 

5 8 . The rmxer of claim of 5 5 wherein the second transistor further comprises a source, and 
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the bandpass circui 



er comprises an inductor coupled to the source of the second transistor. 
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59. The mixer of claim of 58 wherein the bandpass circuit comprises a capacitor coupled 
to the mixed signal output. 

60. The mixer of claim of claim 59 wherein the capacitor and inductor cooperate to 
provide a time constant related to a signal frequency applied to the signal input 
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61. A differential mixer, comprising: 

a track and hold circuit having a differential signal inpy^, a differential control input, 
and a differential mixed signal output; and 

a bandpass circuit coupled to the differential signal input and the differential mixed 

signal output. 
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62. The mixer of claim 61 wherein the track^nd hold circuit further comprises a first 
switch between a first one of the differential inputs andr a first one of the differential mixed signal 
outputs, and a second switch between the first one of the differential inputs and the first one of the 
differential mixed signal outputs, the first switch feeing controlled by a first one of the differential 
control inputs and the second switch being cogrfrolled by a second one of the differential control 
inputs. 

63. The mixer of claim 62 wherein the track and hold circuit further comprises a third 
switch between a second one of the differential inputs and a second one of the differential mixed 
signal outputs, and a fourth switch between the second one of the differential inputs and the second 
one of the differential mixed signal/outputs, the third switch being controlled by a first one of the 
differential control inputs and the/fourth switch being controlled by a second one of the differential 
control inputs. 
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64. The mixer oyclaim 63 wherein the first switch comprises a transistor having a gate 
coupled to the first one of me differential control inputs, the second switch comprises a second 
transistor having a gate coupled to the second one of the differential control inputs, the third switch 
comprises a third transistor having a gate coupled to the first one of the differential control inputs, and 
the fourth switch comprises a fourth transistor having a gate coupled to the second one of the 
differential control inouts. 
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65. The mixer of claim 64 wherein the transistors each further comprises a source, the 
sources of the first and second transistors each being coupled to the first one of the^fifferential signal 
inputs and the sources of the third and fourth transistors each being coupled to Jne second one of the 
differential signal inputs. 
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66. The mixer of claim of 65 wherein the bandpass circuit comprises first, second, third 
and fourth capacitors, wherein the transistors each further comprises/a drain, the drain of the first 
transistor being coupled to the first capacitor, the drain of the second transistor being coupled to the 
second capacitor, the drain of the third transistor being coupled Xp the third capacitor, and the drain 
of the fourth transistor being coupled to the fourth capacitor. 
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67. The mixer of claim of claim 66 wherein Urn bandpass circuit further comprises first 
and second inductors, the first inductor being coupled to/flie sources of the first and second transistors 
and the second inductor being coupled to the source/of the third and fourth transistors. 
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68 . The mixer of claim of claim 67 fifrther comprising an input circuit including fifth and 
sixth transistors each having a drain, the drairi of the fifth transistor being coupled to the sources of 
the first and second transistors and the drahyof the sixth transistor being coupled to the sources of the 
third and fourth transistors. 
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69. The mixer of claim ot 68 wherein the first, second, third, and fourth transistors each 
further comprises a drain, the mixer further comprising a buffer to convert voltages at the drains of 
the first and fourth transistors tj/ a first current and voltages at the drains of the second and third 
transistors to a second current 
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70. The mixeryof claim 6 1 wherein the track and hold circuit comprises a first transistor 
having a first input coupled to a first one of the differential signal inputs and a first output, a second 
transistor having a secontt input coupled to the first one of the differential signal inputs and a second 
output, a third transistoyhaving a third input coupled to a second one of the differential signal inputs, 
and a fourth transistor Having a fourth input coupled to the second one of the differential signal inputs, 
wherein the track and nold circuit further comprises a first switch coupled to the first output, a second 
switch coupled to thp second output, a third switch coupled to the third output, and a fourth switch 
coupled to the fourth output, the first switch being controlled by a first one of the differential control 
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inputs, the second switch being controlled by a second one of the differential control inmrfs, the third 
switch being controlled by the first one of the differential control inputs, and the fou^tn switch being 
controlled by the second one of the differential control inputs. 
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7 1 . The mixer of claim 70 wherein the first switch comprises aiifth transistor having a 
gate coupled to the first one of the differential control inputs, the second/switch comprises a sixth 
transistor having a gate coupled to the second one of the differential control inputs, the third switch 
comprises a seventh transistor having a gate coupled to the first one or the differential control inputs, 
and the fourth switch comprises an eighth transistor having a gatexoupled to the second one of the 
differential control inputs. 
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72 . The mixer of claim 7 1 wherein the bandpasjrcircuit further comprising a first capacitor 
coupled to the first output of the first transistor, a second^apacitor coupled to the second output of the 
second transistor, a third capacitor coupled to the third output of the third transistor, and a fourth 
capacitor coupled to the fourth output of the fourtbr transistor. 

73 . The mixer of claim of 72 wherein the fifth, sixth, seventh, and eighth transistors each 
comprises a drain and source, the drain of tne fifth transistor being coupled to the first capacitor, the 
drain of the sixth capacitor being couple^ to the second capacitor, the drain of the seventh transistor 
being coupled to the third capacitor, aria the drain of the eighth transistor being coupled to the fourth 
transistor, the bandpass circuit furttter comprising a first inductor coupled to the drain of the fifth 
transistor, a second inductor coupled to the drain of the sixth transistor, a third inductor coupled to the 
drain of the seventh transistoryand a fourth inductor coupled to the drain of the eighth transistor. 

74. The mixer of claim of claim 73 wherein each of the first, second, third and fourth 
transistors comprises avowee, the source of the first and third transistors being coupled together and 
the sources of the second and fourth transistors being coupled together, the mixer further comprising 
a fifth switch coupled to the common sources of the first and third transistors, and a sixth switch 
coupled to the common sources of the second and fourth transistors, the fifth switch being controlled 
by the first one ofythe differential control inputs and the sixth switch being controlled by the second 
one of the differential control input. 
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75. The mixer of claim of 74 further comprising a buffer to convert voltages at the first 
and fourth outputs to a first current and voltages at the second and third outputs to ^second current. 

76. A mixer, comprising: 
track and hold means for tracking and holding a first signa/in response to a second 

signal; and 

limiting means for limiting the response of the track ai)d hold means to a frequency 
band, the first signal being within the frequency band. 

77. The mixer of claim 76 further comprising means ^buffering first signal before being 
applied to the track and hold means. 
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78. The mixer of claim 76 wherein the track and hold means comprises first and second 
output signals, the mixer further comprising means for combining the first and second output signals. 

79. The mixer of claim 76 wherein the ljmiting means comprises an inductor and capacitor 
each being coupled to the track and hold means* 

80. The mixer of claim 76 wherein the track and hold means comprises a switch in a path 
of the first signal, the switch being contnzfiled by the second signal. 
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81. The mixer of claiir/80 wherein the switch comprises a transistor having a gate 
coupled to the second signal. 

82. The mixer 91 claim 81 wherein the transistor further comprises a source coupled to 
the first signal 
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83. The mixer of claim of 82 wherein the transistor further comprises a drain, and the 
limiting means comprises a capacitor coupled to the drain. 



84. The' mixer of claim 83 wherein the limiting means further comprises an inductor 
coupled to the sowce of the transistor. 
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85. The mixer of claim of claim 82 wherein the bandpass circuit further comprises an 
inductor coupled to the source of the transistor. 

86. The mixer of claim of 85 wherein the transistor further comprises a drain, and the 
bandpass circuit comprises a capacitor coupled to the drain. 

87. The mixer of claim 76 wherein the track and hold means comprises a transistor having 
input means for receiving the first signal and output means for generatin&an output signal in response 
to the first signal, and a switch in a path of the output signal, the switch j/eing controlled by the second 
signal. 

88 . The mixer of claim 87 wherein the switch comprises a second transistor having a gate 
coupled to the second signal. 

89. The mixer of claim 8 8 wherein the secoqef transistor further comprises a drain coupled 
to the output of the transistor. 

90. The mixer of claim of 89 whereof the limiting means comprises a capacitor coupled 
to the output of the transistor. 

9 1 . The mixer of claim of 90 \^ierein the second transistor further comprises a source, and 
the limiting means further comprises anr inductor coupled to the source of the second transistor. 

92 . The mixer of claim m 89 wherein the second transistor further comprises a source, and 
the limiting means further comprises an inductor coupled to the source of the second transistor. 



93 . The mixer of ^laim of 92 wherein the limiting means comprises a capacitor coupled 
to the output of the transistor. 
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